Abstract Bowel Injuries are uncommonly associated with traumatic abdominal injuries. However, they are associated with significant morbidity and mortality and require operative intervention unlike solid organ injuries. Hence, early diagnosis is of paramount importance. Computed tomographic (CT) scan is a well-established and highly accurate imaging modality for the detection of solid organ injury after blunt abdominal trauma. However, its role in diagnosing hollow viscus injury remains controversial. The aim of our study was to analyze the accuracy of multidetector CT (MDCT) in the diagnosis of bowel injury. Imaging features of surgically proven cases of bowel injury were identified over 8-year period (i.e., from January 2003 to December 2010) and were retrospectively analyzed. There were 32 patients with age range of 3-90 years. There was only one female. Sensitivity of various CT signs specific to bowel injury (i.e., extravasation of contrast and discontinuity of bowel wall) was 15.62, and 28.12%, respectively. While that of signs suggestive of bowel injury were pneumoperitoneum, 62.5%; gas in the vicinity, 40.62%; bowel wall hematoma, 21.87%; bowel wall thickening, 75%; ascites, 78.12%; mesenteric hematoma, 46.87%; and mesenteric stranding, 40.62%. Based on the major and minor signs, a diagnosis of bowel injury could be made in all patients except one. The minor signs showed a higher sensitivity than the major signs. Hence, we recommend that multidetector CT should be used as the modality of choice in case of patients with suspected bowel injury. We also suggest that the minor signs should be given as much importance as the major signs.
Introduction
Traumatic injuries remain the leading cause of death among patients aged 12-45 years and continue to account for substantial morbidity in this population. Over 41,000 people died from injuries in motor vehicle crashes in 2000 [1] . Blunt bowel and mesenteric injuries (BBMIs) occur in approximately 1-5% of patients suffering from blunt abdominal trauma [2, 3] . Although these occur rarely, there is significant associated morbidity, including fatal peritonitis, sepsis, and lifethreatening hemorrhage. Clinically, findings of physical examination may initially be benign, with delayed onset of peritoneal signs [2] . Detection of these injuries is of importance as, in contradistinction to the trend of nonoperative management of solid intra-abdominal organ injuries, the optimal treatment of bowel and mesenteric injuries remains early surgical repair. A delay in diagnosis and hence treatment increases morbidity and mortality [4, 5] . In fact, one recent study has demonstrated an association between increased morbidity and mortality with a delay as brief as 5 h in the surgical treatment of small bowel injury [6] .
In alert patients, physical examination is the method that is regarded best for detecting significant abdominal injury. However, in hemodynamically stable blunt trauma patients with altered mental status, abdominal/pelvic computed tomographic (CT) scan is the modality of choice. These injuries can be missed on diagnostic peritoneal lavage (DPL) in case of small perforations walled off by other loops of bowel or by the omentum and minimal peritoneal contamination [7] . CT scan with oral and intravenous contrast began to be used in the early 1980s to evaluate the victims of blunt abdominal trauma. Now, it is well established as a highly accurate imaging modality for the detection of solid organ injury after blunt abdominal trauma. However, its role in diagnosing hollow viscus injury remains controversial with a false-negative rate of 15% [8] . The aim of our study was to analyze the accuracy of multidetector CT (MDCT) in the diagnosis of bowel injury.
Material and Method
Over an 8-year period (January 2003 to December 2010), 32 surgically proven cases with bowel involvement following blunt abdominal trauma were identified. These were retrospectively reviewed for demographic characteristics and mode of injury. Retrospective blinded review of the CT scan of these patients was also performed by two radiologists individually having an experience of 11 years and 7 years in the related field, and the findings were tabulated. All CT scans were performed on four-detector CT scan.
Results
Thirty-two cases were identified. Age range was 3-90 years (mean 34 years and median 28 years). There was only one female. Road traffic accident was the commonest cause seen in 27/32 cases. The rest of the causes included handle bar injury, fall from swing, fall from height, fall from scooter, and tube well engine belt injury in one case each. Signs specific for bowel injury, which include extravasation of contrast, were seen in 5/32 cases (sensitivity of 15.62%) (Fig. 1) ; discontinuity of the bowel wall was seen in 9/32 cases (28.12%) (Figs. 1 and 2). Signs suggestive of bowel injury, which include mesenteric hematoma, were seen in 15/32 (sensitivity of 46.87%) (Fig. 3) ; mesenteric stranding in 13/32 (sensitivity of 40.62%); pneumoperitoneum in 20/32 (sensitivity of 62.5%); gas in the vicinity in 13/32 (sensitivity of 40.62%) (Fig. 3) ; bowel wall hematoma in 7/32 (sensitivity of 21.87%) (Fig. 4) ; bowel wall thickening in 24/32 (sensitivity of 75%) and ascites in 25/32 (sensitivity of 78.12%). Loculated collection was seen 7 patients.
On CT scan the site of injury was identified as jejunal in 11/32 cases, which was confirmed on surgery; however, in one case sigmoid colon was also involved, which was missed on CT.
Duodenum was involved in 6/32 patients. Preoperatively, one of the cases had involvement of the duodenojejunal flexure. This patient also had injury to the transverse colon, which was missed. One of the remaining five cases was a young girl with grade V injury and associated injury to the pancreas.
Ileum was involved in 8/32 cases on CT. On operation two ileal sites were involved in one patient with complete transaction at one site and ileal gangrene due to mesenteric tear seen at the other site. One patient had multiple lacerations of terminal ileum with herniation of ileum into sigmoid colon mesenteric tear, and one patient had a large 2 cm×1 cm perforation, 2 cm proximal to the ileocecal junction. While in the rest of the patients, mesenteric tear with ileal gangrene was seen in two patients and mesenteric tear with jejunal gangrene was seen in one patient. The Large bowel was involved in 4/32 cases on CT. Out of this one patient revealed cecal gangrene due to distal mesenteric tear. In another case of transverse colon injury, hematoma stomach was missed on CT. Massive pneumoperitoneum was seen in the third case with injury to the descending colon. One case of ascending colon injury was missed on CT. This patient had injury of the ipsilateral iliac blade, which had got embedded into the right iliac fossa, and the air in this region on CT was thought to be from external source.
One patient had perforation located in the antropyloric region of the stomach with massive pneumoperitoneum. The site of injury could not be identified in this patient on imaging.
One patient only presented with intestinal hernias into rectus sheath and left psoas (Fig. 5 ). At operation additional hernia was noted into the lesser sac through a mesenteric tear which could not be diagnosed on CT. One patient also had lumbar hernia on the right side with herniation of only peritoneum and large gut.
Associated solid organ injury was seen in 9/32 cases. Pancreas was involved in four cases; out of these one was not identified on CT. Spleen was involved in one case, while liver was involved in four cases. In one of the cases involving liver, there was injury to the right-sided diaphragm as well. Right ureter was thick walled and enhancing and gangrene of the gall-bladder was seen in one patient each. In one patient gangrene of gall bladder was seen.
Fracture of the sacrum was seen in one patient, and in one patient iliac fracture was seen with ascending colon injury, which was missed on CT.
CT scan was performed within 6-12 h in 13 patients, between 12 and 24 h in 12 patients, and more than 24 h in 7 patients. Out of these, 10 patients were operated within 8 h, 13 within 8-24 h, and 9 more than 24 h from the time of trauma. Delay in most cases was because of transportation and referral of patients to our center. There were three deaths (9.37%), 1/13 (7.69%) in patient operated within 8-24 h and 2/09 (22.22%) in patients operated after 24 h. Two patients developed wound dehiscence, one each in 8-24-h group and more than 24-h group. Mean length of stay was 15 days with longer stays in cases of delayed time to operative interval of more than 8 h. All deaths were attributable to abdominal 
Discussion
Bowel and mesenteric injuries from blunt abdominal trauma are infrequent and difficult to diagnose. An analysis of more than 275,000 patients with blunt abdominal trauma enrolled in the EAST Multi-Institutional Hollow Viscus Injury Research Group study, the largest retrospective hollow viscus injury to date, found the incidence of blunt colonic injury to be 0.3% and the incidence of blunt small bowel injury to be 1.1%. The most common site of full thickness injury is the jejunum and ilium, with an incidence of 81%, followed by Colon and rectum, duodenum, and stomach. The accuracy of conventional or single slice helical CT in detecting blunt bowel and mesenteric injuries has been shown in prior studies to range from 84% to 94% [9] .
Motor vehicle accidents are the most common cause of these injuries. Child abuse, fall from height, sports, industrial accidents and even Heimlich manoeuvre also have been implicated in bowel and mesentery injury [5] . In our series also motor vehicle accidents were the most common cause (in 27/32 cases). The other causes were fall from height, assault and agriculture injuries etc.
The pathophysiology of injury to the small bowel & mesentery was first described by Metz. He postulated three types of trauma (1) crush injury, (2) shearing forces of bowel and mesentery at fixed point of attachment and (3) burst injury caused by increased intraluminal pressure. Approximately 25% of patients requiring surgical treatment for bowel trauma have more than one bowel injury and likely more than one mechanism [4, 5] .
Bowel injuries vary from minor hematoma to perforation. Small perforations may go clinically unrecognized. Abdominal pain and peritoneal irritation may be present early after major perforations or develop slowly because bowel contents, particularly jejunal contents, are not enzymatically active and have low pH & bacterial counts. Although mesenteric lacerations can lead to significant hemorrhage and hypertension, there are also secondary effects. One quarter of cases where small bowel requires surgical treatment are the result of devascularization from mesenteric injury. Even delayed internal hernias from untreated mesenteric lacerations and strictures from scar formation can occur [5] .
The greater the number of organs injured, the more likely there is associated bowel and mesenteric injury and in one third of the patients bowel and mesenteric injury coexists with pancreatic or other solid organs [5] . In our series, associated viscera injury was seen in 10/32 cases.
Yoshii et al. [10] concluded from their study that ultrasound has poor sensitivity for intestinal injuries and found that the sensitivity, specificity and accuracy were 34.7, 99.9 and 97.3% respectively. Similarly Malhotra et al. [8] stated that ultrasound fails in the diagnosis of specific injury causing the fluid and is poor in the detection of hollow viscus injury. In our series also, ultrasound detected bowel injury in 04 cases and hence the sensitivity was 12.5%.
Bowel trauma can be classified as a partial or full-thickness injury. Partial thickness bowel injury results in contusion of the bowel wall and can be seen on MDCT as a focal region of bowel wall thickening, usually greater than 3-4 mm in thickness. Although most cases of bowel wall contusion resolve spontaneously, serial physical examination or follow-up MDCT in 4-6 h are useful to demonstrate healing of this injury [9] .
CT findings considered specific to full thickness bowel injury include: extraluminal oral contrast or luminal content extravasation and discontinuity of hollow viscus wall. While, CT findings considered suggestive of bowel injury consisted of: pneumoperitoneum, gas bubbles close to the injured hollow viscus, thickened (>4-5 mm) bowel wall, bowel wall hematoma, intraperitoneal fluid of unknown source [11] .
In the study by Scaglione et al. [11] there were 13 surgically proven cases of bowel injury. These occured in the duodenum (03 cases), ileum (02 cases), jejunum (02 cases) colon (03 cases) and stomach (03 cases). Extravasation of intraluminal contrast was seen in 04 cases, discontinuity of hollow viscus wall was seen in 01 case. In the remaining 8/13 CT findings suggestive of bowel injury were seen and these consisted of pneumoperitoneum (06), gas bubbles close to the injured hollow viscus (03), thickened bowel wall (05), bowel wall hematoma (03) and intraperitoneal fluid of unknown source (03).
The most specific sign of full-thickness bowel wall injury was extraluminal oral contrast material with a specificity of 100%. However this was seen in only 2 of 25 patients in a study by Killeen et al., as most patients have inadequate bowel wall opacification because of the often urgent nature of the CT scan examination [12] . While in a study by Brofman et al. [13] it was seen in only 3/54 (6%) of patients.
Several reports associate oral contrast with adverse events. These include a delay to CT imaging while awaiting contrast transit to the proximal small bowel and the risk of vomiting and aspiration with or without a nasogastric tube [14, 15] . Allen et al. [15] found in their study of Computed tomographic scanning without oral contrast solution for blunt bowel and mesenteric injuries in abdominal trauma that the sensitivity and specificity of CT were 95.0% and 99.6%, respectively.
Bowel wall discontinuity was seen in 4/54 (7%) patients in a study by Brofman et al. They postulated that the relative infrequency of observations of this feature is likely due to small size of the discontinuities, which are evident at surgery only with careful inspection [13] .
Gastric perforations are usually evident by large pneumoperitoneum on plain radiographs. In contrast, the small intestine normally contains little air and therefore pneumoperitoneum resulting from small bowel perforation is rarely detected on plain radiographs [7] . Whereas extraluminal gas was an infrequent finding in full-thickness bowel injury in previous reports [2, 16] , presence of pneumoperitoneum is strongly suggestive of full thickness bowel injury in the correct clinical setting. Brofman et al. [13] stated that it was highly specific for the diagnosis of bowel perforation. It can also result from air introduced into the peritoneal cavity during diagnostic peritoneal lavage or Foley catheter placement in patients with intraperitoneal bladder rupture. Extra-alveolar air may also decompress from the thorax into the peritoneal cavity, leading to false positive diagnosis of full-thickness bowel injury [5] .
Less specific signs include focal bowel wall thickening, mesenteric fat stranding with focal fluid and hematoma, and intraperitoneal or retroperitoneal fluid. When only these signs were present correlation with clinical findings is necessary. Scaglione et al. [11] found CT findings considered suggestive of bowel injury in 8/13 patients. These consisted of: pneumoperitoneum (six), gas bubbles close to the injured hollow viscus (three), thickened (>4-5 mm) bowel wall (five), bowel wall hematoma (three), intraperitoneal fluid of unknown source (three). Mesenteric injury (23 cases) was surgically observed at the level of the mesenteric vessels (17 cases), legament of Treitz (two cases), gastro-duodenal artery (one case), transverse (one case) and sigmoid mesocolon (one case).
The presence of free intraabdominal or intrapelvic fluid is usually attributed to solid organ injury when one is present. However, if free fluid is present without concomitant CT scan evidence of solid organ injury, its etiology should be evaluated and other CT signs of GI perforation should be searched for [7] . Free fluid without solid organ injury was found by Fakhry and coworkers to be associated with an 84.2% incidence of small bowel injury [17] . The combination of free fluid and pneumoperitoneum increased the sensitivity in detecting perforated small bowel injury to 97% [9] . Rodriguez et al. [18] performed meta-analysis of articles concerning the incidence and significance of free intra-abdominal fluid on CT scan of blunt trauma patients without solid organ injury and concluded that isolated finding of free intra-abdominal fluid on CT scan in patients with blunt trauma and no solid organ injury does not warrant laparotomy. Alert patients may be followed with physical examination. Patients with altered mental status should undergo diagnostic peritoneal lavage.
Albanese et al. [7] surmised from their study that the timing of the CT scan bears little relationship to the probability of an abnormal CT scan. They believed that serial physical examinations are the gold standard for diagnosing GI perforation from blunt abdominal trauma.
Killeen et al. [12] found a high level of accuracy for detection of bowel injuries, with an accuracy of 86%, sensitivity of 94%, and a positive predictive value of 92% [8] . They found the ability to predict the presence of a full thickness bowel injury was very good with accuracy of 86%, sensitivity of 92%, and specificity of 97%. The negative predictive value for detecting a full-thickness bowel injury was 96%. They found extraluminal gas in 19/25 patients with full thickness injuries (sensitivity 75%, specificity 98%, accuracy 91%. Free fluid was also a common finding of full thickness bowel injury, with a sensitivity of 76%. However the specificity of free fluid was only 39%. Janzen et al. [19] also suggest reasonable accuracy for detection of both bowel and mesenteric injuries with accuracy of 84% and 77% respectively.
Various new features of Bowel and mesenteric injury on CT have been recognized and most recent of them is beading and termination of mesenteric vessels which indicates surgically important mesenteric injury [20] . We did not identify this sign in our patients because of lack of knowledge of this sign at the time of performance of CT as ours was a retrospective study.
Delays in diagnosis of as much as 8 h [21] , or in one study 5 h [6] is responsible for increased morbidity and mortality in patients with bowel and mesenteric injury. However, Thompson et al. [22] report no such findings in a study of 13 children out of which 09 were because of motor vehicular accidents. There were 9.37% deaths attributable to delayed time to operative intervention i.e of more than 08 h, in our study.
The use of the results of clinical assessment as the sole indication for surgery has led to negative laparotomy rate as high as 40%. Diagnostic peritoneal lavage (DPL) has sensitivity greater than 90% for the detection of hemoperitoneum, but it is not specific and not reliable for the assessment of retroperitoneal injuries. Focused assessment with US in the trauma setting has a sensitivity of 86% and specificity of 98% for the detection of free intra-abdominal fluid, but it is nonspecific with regard to organ injury [13] .
Atri et al. [23] found the sensitivities of three reviewers in the diagnosis of surgically important bowel and/or mesenteric injury by four-detector CT scan ranged from 87% to 95% and specificities ranges from 48% to 84%. Ekeh et al. [24] found that missed injuries remain common in BBMI even in the current era of multislice CT scanner. According to them free fluid without solid organ injury, though not specific, continues to be an important finding and adjuncts to CT continue to be necessary for the optimal diagnosis of bowel injury. However, Yu et al. [20] state that clinical management of patients with trace amount of isolated intraperitoneal fluid is still controversial.
In this era of sophisticated equipment and trauma scan missed injuries remain common and Lawson et al. [25] in their review of trauma patients for delayed diagnosis found that the most common missed injury is bowel injury so a high index of suspicion and tertiary survey remain a mainstay of therapy. In our study 03 cases of colonic injuries, 01 of stomach, 01 of pancreas and 2 cases of internal hernias were missed which accounts for 21.8% of all patients.
Conclusion
Based on the major and minor signs a diagnosis of bowel injury could be made in all patients except one. The drawback of our study is that only surgically proven bowel injury cases were used which was possibly a source of bias and the cause of such high accuracy of MDCT in our study. The minor signs showed a higher sensitivity than the major signs. Hence, we recommend that multidetector CT be used as the modality of choice in case of patients with suspected bowel injury. We also suggest that the minor signs be given as much importance as the major signs.
